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Can rs3767140 SNP of the perlecan (HSPG2) gene affect the diabetes mellitus through 
the dyslipidemia?  
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Abstract: Perlecan (HSPG2) play an important role in the lipoprotein metabolisms. The G allele of the HSPG2-rs3767140 may affect the bind-
ing of heparan sulfate (HS) chains and hence cause loss of HS from the basement membrane. HSPG2-rs3767140 was studied in 60 T2DM pa-
tients and 109 healthy controls. In diabetic patients HSPG2-rs3767140 T variant allele carriers (TT+GT) have decreased fasting plasma glucose 
(FPG) and serum LDL-C levels (p=0.071 and p=0.060, respectively) versus GG genotype carriers. Moreover, in both of the two groups in which 
the T allele carriers HDL-cholesterol levels tend to be high. We investigated that the HSPG2-rs3767140 promoted to the dyslipidemic phenotype 
in the type 2 diabetes mellitus (T2DM) patients. We suggest that the HSPG2-rs3767140 might be associated with the decreased FPG and LDL-C 
and with the increased HDL-C in diabetics. Therefore, the HSPG2-rs3767140 might be a protective for the diabetes mellitus due to its ameliorat-
ing effect on the dyslipidemic phenotype.
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Introduction

Dyslipidemia, an essential constituent of the insu-
lin resistance syndrome and type 2 diabetes mellitus 
(T2DM) (1). One or more lipid disorders in 70- 97 % of 
diabetic patients has been reported (2, 3). Diabetic dys-
lipidemia is characterized by increased very low density 
lipoproteins (VLDLs) and VLDL remnants concentra-
tions, raised serum triglycerides and small dense LDL 
cholesterol particles (4, 5).  In diabetic patients there are 
different mechanisms for the dyslipidemia. Hyperglyce-
mia and defective insulin action could cause dyslipid-
emia (5). Some important mechanisms are suggested to 
have roles in diabetic dyslipidemia such as regulation of 
lipoprotein lipase (LPL), apoprotein production in the 
liver by the insulin regulated, the role of the cholesteryl 
ester transfer protein (CETP) and peripheral role of in-
sulin on adipose tissue and muscles (5). 

By reason of the increased triglyceride levels, 
VLDLs and chylomicron particles stay in bloodstream 
for longer times. Therefore, transfer of cholesterol esters 
increase. CETP expedites the carrying of the cholesteryl 
esters and triglycerides between lipoproteins. It receives 
triglycerides of VLDL or LDL and switches them for 
cholesteryl esters present in HDLs, and the other way 
around. Elevated activity of CETP induces the produc-
tion of small, dense atherogenic triglyceride-rich LDL 
particles. These LDL particles are substrates for the he-
patic lipase (HL) enzyme. HL has been shown to have 
increased activity in patients with T2DM (5).

Heparan sulfate proteoglycans (HSPGs) have long 
and unbranched, sulfated polysaccharide chains (hepa-
ran sulfates (HSs)). HSPGs are important components 
of cell surfaces and extracellular matrix and involved 
in angiogenesis, coagulation and lipid metabolism (6).

The lipoprotein metabolism is controlled by heparan 
sulfate proteoglycans (HSPGs) by means of interplays 

with lipoprotein lipase (LPL) and apolipoprotein B 
(apoB). LPL catalyzes the hydrolysis of TG and is syn-
thesized in myocytes and adipocytes then transferred 
and attached to the luminal surface of endothelial cells 
by way of HSPGs. After binding of LPL to HSPGs, LPL 
intercedes the degradation and retention of lipoproteins 
within the subendothelial matrix. Apo B binds to LPL 
and heparan sulfate (HS) by different binding domains. 
ApoB is included in the LPL localization in the endo-
thelial surface. Changes in expression of apoB could 
influence the interactions of LPL with HSPGs or apoB 
containing lipoproteins. The existence of LPL on endo-
thelial surface and the destruction of TG-rich lipopro-
teins in bloodstream may be elevated by the increased 
apo B-HSPG2 (perlecan) binding (6).

Heparan sulfate (HS) was synthesized by the cultured 
endothelial cells. Glycosaminoglycan chains of HS is an 
important component of the lipoprotein lipase binding 
site within endothelial surface. HS fractions extracted 
from the peripheral blood stimulate the lipoprotein li-
pase activity. But, it is unknown that the enzyme that 
is bound to endothelial cells is activated form. Proteo-
glycans facilitate the lipid metabolism by bringing the 
enzyme to the cell surface receptor for lipoproteins (7). 

Insulin deficiency induces the alteration in hepato-
cyte proteoglycans, the binding ability to triglyceride 
rich lipoprotein (TRL) of the HSPG changes. This situ-
ation results in higher serum triglyceride levels (8).

Perlecan (HSPG2) gene is located at chromosome 
1p36.1 (6). There is a polymorphic BamHI site which 
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is mapped to domain I, intron 6. For the HS side chains, 
a putative attachment site is located in domain I (9). 
The G allele of the HSPG2 BamHI polymorphism may 
weaken binding of HS chains and therefore cause loss 
of HS from the basement membrane (10).

Increasing the binding of LDL to endothelial matrix 
in vitro through the elimination of HS indicate that HS 
may intervene with lipoprotein retention and monocyte 
binding. HS reduces endothelial permeability for LDL 
(11). In recent studies, it has been reported that HS was 
decreased in diabetes, the mechanism and importance of 
this decrement in HS remain unclear. Therefore, based 
on the potential impact of the HSPG2 BamHI SNP 
(rs3767140) on lipoprotein lipase enzyme function, the 
present study is investigated that is this functional ge-
netic variation contributed to the dyslipidemic pheno-
type in the type 2 diabetic patients.

Materials and Methods

Study participants
We studied 169 individuals in this study: 60 T2DM 

patients (35 female (58.33%) and 25 male (41.66%), 
mean age: 58.63±12.29) and 109 non-diabetic con-
trols. Patients were selected from Department of Inter-
nal Medicine, Haseki Training and Research Hospital. 
Diabetes were identified by the WHO definitions and 
criteria (12).

The patients received a standard inquiry including 
questions concerning the age, family history, the ther-
apy methods and other medical issues. Patients with a 
T2DM diagnosis and a history of at least two years of 
therapy without insulin use were inducted. The mea-
surement of height, weight, and blood pressure were 
determined in the patients.

Blood pressures were checked as recommended by 
the American Association (13). The subject lay spine for 
10 min where after the blood pressures was measured 
with a mercury sphygmomanometer. The measure-
ments were performed from the left and the right arm 
and written down to the nearest 2 mmHg and the mean 
was determined. The body mass index was calculated 
using the formula BMI: weight/height2 (kg/m2). 

The subjects of the control group (38.53 % female, 
61.47 % male, mean age: 56.47±10.70) had normal 

fasting plasma glucose levels and no family history of 
T2DM. 

PCR-Based detection of the HSPG2 rs3767140 poly-
morphism 

Blood samples were collected in tubes with EDTA. 
Genomic DNA was isolated from the blood by the stan-
dard methods. The region of interest for the HSPG2 
rs3767140 polymorphism amplified via the prim-
ers (forward: 5’-CATGTCCCATGCCCCACGTGT-
GCT-3’; and reverse: 5’-ATTGTAGCTGTGGCAG-
GCAAACTC-3’). HSPG2 rs3767140 polymorphism 
was examined by digesting the PCR product with the 
BamHI enzyme. BamHI digestion resulted in fragments 
of 150 and 100 bp for the T allele. For the G allele, PCR 
product (250 bp) was not digested with BamHI. After 
digestion with BamHI, three genotypes were identi-
fied according to the banding types as GG (250 bp), GT 
(250, 150, and 100 bp) and TT (150 and 100 bp).

Lipid measurement 
Blood specimens were collected into plain tubes af-

ter an overnight fasting. The centrifugation for 10 min 
at 1500xg were done to isolate the serum at room tem-
perature and chilled at -20°C. Serum total-C, HDL-C 
and triglyceride concentrations were determined by en-
zymatically. LDL-C levels were determined using the 
Friedewald formula. 
 
Statistical methods

Statistical analyses were examined by the SPSS 
software package (version 21.0 SPSS Inc., Chicago, 
IL, U.S.A.). Clinical parameters are given as mean ± 
SD. Mean values were compared among the groups by 
unpaired Student’s t-test. Differences in the distribution 
of HSPG2 rs3767140 polymorphism genotypes and al-
leles of the patients and controls were determined via 
the Chi-square statistic. Gene counting methods were 
used for calculating the frequencies of Alleles. Values of 
p<0.05 were accepted statistically significant.

Results

The demographic and biochemical parameters of 
the study groups were shown in Table-1. As expected, 

GROUPS
Control (n=109) T2DM (n=60) p value

Age (years) 56.47±10.70 58.63±12.29 0.236
Gender (F/M) (n) 42/67 35/25 0.013
BMI (kg/m2) 25.85±3.73 26.73±3.73 0.292
Total-C (mmol/L) 5.04±1.17 5.31±1.18 0.330
TG (mmol/L) 2.09±1.43 1.89±0.86 0.428
HDL-C (mmol/L) 1.08±0.27 1.02±0.23 0.336
LDL-C (mmol/L) 3.01±1.07 3.38±0.95 0.119
VLDL-C (mmol/L) 0.71±0.31 0.85±0.35 0.079
Fasting plasma glucose (mg/dL) 112.40±16.02 239.88±136.26 0.001
SBP 119.10±10.05 141.50±28.22 0.000
DBP 71.51±8.34 85.00±17.50 0.000
Smoking (%) 30.3 27.9 0.819

Age, serum lipid and BMI values are shown as Mean+ Std Dev. Statistical analyses were performed by using 
Students t test for comparison of two groups. BMI: Body Mass Index, Total-C: total-cholesterol, TG: Triglyceride, 
HDL-C: HDL-cholesterol, LDL-C: LDL-cholesterol, VLDL-C: VLDL-cholesterol, SBP: systolic blood pressure; 
DBP: diastolic blood Pressure, n: number of subjects.

Table 1 . Demographic characteristics of the Study Groups.
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to have higher LDL and fasting glucose levels. More-
over, both the control and the patient group in which 
the T allele carriers HDL- cholesterol levels tend to be 
mildly increased, but the results did not reach statistical 
significance (Table 3). While serum HDL cholesterol 
levels were 1.12 fold higher in type 2 diabetic subjects 
with the rare HSPG2 T allele than those with the com-
mon HSPG2 GG genotype (1.11±0.25 vs. 0.99±0.22), 
serum LDL cholesterol levels were 1.22 fold lower in 
type 2 diabetic subjects with the HSPG2 T allele than 
those with the HSPG2 GG genotype (2.89±0.91vs. 
3.54±0.93) (Figure 1). Also, fasting plasma glucose lev-
els were 1.53 fold lower in the T allele carriers of the 
type 2 diabetes group than GG genotype (175.20±109.40 
vs. 268.00±139.21) (Figure 1).  In patients group, we 
observed no association between blood pressures and 
this polymorphism. Therefore, our findings indicated 
that the common HSPG2 GG genotype might increase 
dyslipidemia risk by causing an increase in serum LDL-
cholesterol and a decrement in HDL-cholesterol thus a 
dyslipidemic phenotype in the type 2 diabetes patient 
group.

Discussion

Perlecan has been thought to be involved in a lot of 
complications of diabetes. Decreased perlecan levels 
have been found in patients with diabetes and in animal 
models (14). Decreased perlecan levels and lipoprotein 
abnormalities which were determined in diabetics could 
be explained by the role of perlecan in the metabolism 
of lipoproteins (14).

Perlecan regulates the uptake of lipoproteins in the 
liver. Decreased perlecan levels in liver due to diabe-
tes result in impaired clearance of lipoproteins inducing 
accumulation of atherogenic particles and increasing 
the risk of atherosclerosis. Decreased perlecan levels 

the female patients had a higher prevalence (p=0.013). 
The patients had an increased level of systolic and dia-
stolic blood pressures and HDL-C versus the controls 
(p=0.001).  

In Table 2, the distributions of HSPG2 rs3767140 
G>T SNP of genotypes and alleles and Hardy-Weinberg 
Equilibrium (HWE) were given in the control and dia-
betic patients groups. The genotype distributions were 
found suitable for HWE in both of the groups (p>0.05) 
(Table 2). The frequencies of rs3767140 GG, TT and 
GT genotypes among the diabetic patients were 0.683, 
0.050 and 0.267, respectively; and among the non-dia-
betic control group they were 0.697, 0.018 and 0.284, 
respectively. There is no differences for the distribu-
tions of HSPG2 rs3767140 SNP between the groups 
(p>0.05).

In Table 3, the associations between serum lipid con-
centrations, BMI values, fasting plasma glucose and 
this polymorphism were examined. In diabetic patients 
HSPG2 rs3767140 T variant allele carriers (TT+GT) 
had decreased fasting plasma glucose and serum LDL-K 
levels (p=0.071 and p=0.060, respectively) compared to 
wild type homozygote genotype carriers (GG). In other 
words diabetic patients carrying the GG genotype tend 

HspG2 GROUPS
Control (n=109) T2DM (n=60)

Genotypes n (%) n (%)
GG 76 (%69.7) 41 (%68.3)
TT 2 (%1.8) 3 (%5.0)
GT 31 (%28.4) 16 (%26.7)
HWE p=0.565 p=0.396
Alleles
G 183 (%83.94) 98 (%81.67)
T 35 (%16.06) 22 (%18.33)

Table 2. Distributions of HspG2 rs3767140 G>T SNP in the groups.

n: number of subjects, HWE: Hardy-Weinberg Equilibrium.

Groups
HspG2 rs3767140 G>T Genotypes

GG TT+GT p value
Control
TC (mmol/L) 5.18±1.21 4.47±0.86 0.151
TG  (mmol/L) 2.26±1.54 1.48±0.65 0.204
HDL-C (mmol/L) 1.06±0.29 1.14±0.19 0.484
LDL-C (mmol/L) 3.05±1.11 2.83±0.95 0.625
VLDL-C (mmol/L) 0.75±0.32 0.57±0.20 0.191
BMI (kg/m2) 26.19±3.76 25.03±3.60 0.243
SBP (mmHg) 120.1±11.08 116.5.16 0.268
DBP (mmHg) 72.97±8.37 67.00±6.75 0.048
Fasting Plasma Glucose (mg/dL) 111.50±18.36 116.00±11.42 0.841
T2DM
TC (mmol/L) 5.39±1.23 5.07±1.06 0.448
TG  (mmol/L) 1.84±0.90 2.02±0.70 0.581
HDL-C (mmol/L) 0.99±0.22 1.11±0.25 0.132
LDL-C (mmol/L) 3.54±0.93 2.89±0.91 0.060
VLDL-C (mmol/L) 0.82±0.36 0.92±0.32 0.431
BMİ (kg/m2) 26.67±4.05 26.88±3.20 0.897
SBP (mmHg) 135.74±25.22 153.46±31.32 0.062
DBP (mmHg) 82.41±15.53 90.38±20.66 0.180
Fasting Plasma Glucose (mg/dL) 268.00±139.21 175.20±109.40 0.071

The results are shown as Mean ± Std Dev. Total-C: total-cholesterol, TG: Triglyceride, HDL-C: HDL-
cholesterol, LDL-C: LDL-cholesterol, VLDL-C: VLDL-cholesterol, BMI: Body Mass Index, SBP: sys-
tolic blood pressure; DBP: diastolic blood pressure.

Table 3. The effects of HspG2 rs3767140 G>T SNP on metabolic parameters in the study groups.
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have also been associated with increased formation of 
atherosclerotic plaque. As indicated by these findings 
perlecan may play an important role in atherosclerogen-
esis which is the most significant cause of death in dia-
betic patients (14).

The patients with diabetes mellitus have a 2-4 fold in-
creased cardiovascular risk versus non diabetics. Addi-
tionally, an independent risk factor for the cardiovascu-
lar disease is hyperglycemia. One of the potential mech-
anisms is that increased susceptibility of arterial wall 
to atherosclerosis by hyperglycemia leads to changes in 
arterial extracellular matrix components. Proteoglycans 
(PG) are an important extracellular matrix components. 
Perlecan, a heparan sulfate proteoglycan (HSPG), is a 
primary PG that of basement membrane. Heparan sul-
fate-glycosaminoglycan (HS-GAG) within artery wall, 
is increased in diabetic patients (15). Most of the arterial 
HSPGs are produced by endothelial cells and localize 
in subendothelial matrix (15). LPL binds HSPGs and 
intercedes the degradation and retention of lipoproteins 
within the subendothelial matrix. The ancestral G allele 
of the HSPG2 rs3767140 polymorphism may weaken 
the binding of HS chains and therefore cause the loss 
of HS from the basement membrane (6). The loss of HS 
may affect the binding of LPL. Hence, lipid levels can 
be affected due to decreased binding activity of LPL. 
The possible effect of HSPG2 SNP on LPL lead us to 
investigate the association of HSPG2 SNP with lipid 
levels in diabetic patients and this study is the first one 
to investigate this association to the best of our knowl-
edge.  

Tao et al. explored the relation of the HSPG2 poly-
morphism and diabetic nephropathy in Chinese and 
showed that there were no associations between diabet-
ic patients and non-diabetic control in allele frequencies 

but obvious difference in genotype frequencies (16).
Cai et al. observed that the plasma total-C, triglyc-

eride, total-C/HDL-C and LDL-C levels were lower 
in the HSPG2 TT homozygotes versus the GT and GG 
genotypes even though there was not any significance 
in the differences of the genotypes in Australian popula-
tion (6).

In the present study, HSPG2 T allele carriers seemed 
to have decreased fasting plasma glucose and LDL-C 
levels both in diabetic and control groups, but this find-
ings were not supported statistically. The finding that is 
the lower LDL-C levels in T allele carriers is similar to 
the studies of Cai et al. (6) and Tao et al. (16).

Fujita et al. studied the HSPG2 polymorphism in 
Japanese patients with diabetes and showed that the 
frequencies of genotypes and alleles were not differing 
between the patients with nephropathy and the patients 
without nephropathy. They suggested that HSPG2 poly-
morphism was not associated with diabetic nephropathy 
in Japanese diabetic patients (17).

In a meta-analysis study of Europeans, HSPG2 
rs3767140 was found to be related with diabetic ne-
phropathy (OR 0.72 (95% CI 0.59-0.87)), and further-
more with diabetic nephropathy in type 1 diabetes mel-
litus (OR 0.64 (95% CI 0.49-0.84)) (18).

In Caucasian IDDM patients from Denmark and UK, 
the G allele of the HSPG2 BamHI polymorphism have a 
risk for diabetic nephropathy (9).

Hence, our findings may support that in the type 2 
diabetes mellitus patients T allele has a decreasing ef-
fect on serum LDL-C and fasting plasma glucose levels 
and may protect the development of dyslipidemia and 
diabetes mellitus.  

As a conclusion, this study is the first one conducted 
on Type 2 Diabetes Mellitus in the Turkish population 

Figure 1. The effects of the HSPG2 T allele on serum HDL cholesterol (a), LDL cholesterol (b) and fasting plasma glucose (c) levels in T2DM 
patients.
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about the association between the HSPG2 gene poly-
morphism and the serum lipid levels. Our findings sug-
gest that HSPG2 rs3767140 might be associated with 
decreased fasting plasma glucose and LDL-C, and 
with increased HDL-C in diabetic patients. Therefore 
HSPG2-rs3767140 might play a protective role in dia-
betes mellitus as a result of its ameliorating effect on 
the dyslipidemic phenotype due to the polymorphic per-
lecan molecule.
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